from their mothers. Youths with high PVL and any signs and symptoms associated with HTLV-1 infection should be closely monitored.
Introduction
Human T-lymphotropic virus type 1 (HTLV-1) is a causative agent of adult T-cell leukemia/lymphoma (ATL) and a progressive neurological disease known as HTLV-1-associated myelopathy/tropical spastic paraparesis [1] [2] [3] . The majority of HTLV-1 carriers are asymptomatic, and only a fraction of carriers develop ATL after a long latent period [4, 5] . High proviral load (PVL) has been considered to be important for developing ATL. It has been shown that PVL vary substantially among adult HTLV-1 carriers, whereas within the same individual, PVL appears to remain relatively stable for many years [6] [7] [8] . Most mothers of patients with ATL are themselves HTLV-1 carriers [9, 10] . Therefore, ATL is believed to develop in HTLV-1 carriers who acquired infection perinatally. A study in perinatally infected children demonstrated variation of initial PVL [11] . In children with Umeki HTLV-1 infection, the association of infective dermatitis and seborrheic dermatitis is documented [12, 13] . The HTLV-1 carrier children with these skin manifestations have been reported to have high PVL in their peripheral blood mononuclear cells (PBMCs) [11, 14] . Moreover, epidemiological data have suggested that infective dermatitis might foreshadow ATL and HTLV-1-associated myelopathy/tropical spastic paraparesis [15, 16] .
It is thought that HTLV-1 Tax protein drives proliferation of the infected cells, leading to the clonal expansion of certain HTLV-1-infected cells, which subsequently results in onset of ATL [6, [17] [18] [19] . It is uncertain whether and when such clonal expansion occurs in relation to PVL among children who acquire infection perinatally. To investigate the co-evolution of HTLV-1-infected clones and PVL during the early years of HTLV-1 infection in children, we analyzed sequential samples drawn from 3 children carrying HTLV-1 who were longitudinally followed for over 10 years.
Materials and Methods

Cases
The sequential samples of PBMCs obtained from 3 children carrying HTLV-1 (cases A, B and C) in the Jamaica Mother Infant Cohort Study [20] were tested. Informed consent was obtained from study participants, and the study was approved by the institutional review boards at the University of the West Indies, the US National Cancer Institute and University of Miyazaki. These children were born to mothers positive for HTLV-1 and had been followed for over 10 years since birth. One case with sufficient specimen volume and duration of follow-up was selected from each of the 3 groups of children with low, medium or high provirus load. Cases A and B (low and medium provirus load) were asymptomatic. Case C (the child with high provirus load) was selected based on the presence of clinical manifestations that included recurring history of lymphadenopathy, seborrheic dermatitis, and hyperreflexia since the patient was less than 1 year old ( table 1 ) . A low level of abnormal lymphocytes (2%) was seen in case C at 2 years of age, but not at other ages.
Quantification of HTLV-1 Provirus in PBMCs
The chromosomal DNA was isolated from PBMCs by sodium dodecyl sulfate-protease K digestion, followed by phenol-chloroform extraction and ethanol precipitation [21] . PVLs were measured by real-time PCR using LightCycler DX 400 (Roche Diagnostics, Mannheim, Germany). The primers and the probe for HTLV-1 provirus were as follows: forward primer 5 -AAC-CAATTCATTCAAACATCTGACC-3 , positions 3735-3759; reverse primer 5 -GCTTTCACAGGAGCCAATGG-3 , positions 3877-3858, and FAM-labeled probe 5 -FAM-TGTTCCTATC-TTACTCCACCACAGTCACCGA-TAMRA-3 , positions 3767-3797. The nucleotide position number of HTLV-1 provirus was according to Seiki et al. ( accession No. J02029) [22] . RNase P control reagent (Applied Biosystems, Foster City, Calif., USA) was used for the primers and the probe for human RNase P DNA as internal control. PVL was shown by the copy number of HTLV-1 provirus in 100,000 PBMCs.
Analysis of the Pattern of HTLV-1 Proviral Integration by Inverse Long PCR
A detailed description of the inverse long (IL)-PCR procedure has been provided elsewhere [6] . In brief, the genomic DNA was digested with Eco RI, self-ligated by T4 ligase, and then digested with Mlu I. Long PCR amplification of the resultant DNA was performed using the r Tth DNA polymerase (Applied Biosystems). The primers used in this analysis were primer 1 in the U5 region of the long terminal repeat (LTR) 5 -TGCCTGACCCTGCTT-GCTCAACTCTACGTCTTTG-3 (positions 8856-8889), and primer 2 in the U3 region of the LTR 5 -AGTCTGGGCCCT-GACCTTTTCAGACTTCTGTTTC-3 (positions 123-90). The PCR products were electrophoresed on a 1.2% agarose gel, and visualized by ethidium bromide staining. All assays were performed in triplicates.
Clone-Specific PCR for the Major Clones in Case C at Age 16 Years
When PBMCs of case C were analyzed by IL-PCR, 2 major bands were shown, at ages of 13 and 16 years (clone S 0.75 kb and clone L 4 kb). The proviral integration sites of these clones were identified as follows. DNAs of these 2 bands in case C at 16 years of age were isolated from the gel and ligated with the pCR-XL-TOPO vector using TOPO cloning reaction kit (Invitrogen, Carlsbad, Calif., USA). The DNA sequences of the cloned PCR products were analyzed using the ABI Prism Big Dye Terminator v1.1 Cycle Sequencing kit and an ABI Prism 310 genetic analyzer (Applied Biosystems). Based on the DNA sequence of the flanking region of the provirus derived from clones S and L, integration site-specific primers were designed. Accordingly, DNAs isolated from PBMCs of case C at 16 years of age were subjected to quantitative real-time PCR for clones S and L. Forward primer 5 -CCAAGTACCGGCGACTCC-3 (positions 8976-8993) and probe FAM-CTCGGAGCCAGCGACAGCCTATCCT-TAMRA (positions 8999-9023) located in the U5 region of the LTR were used. The reverse primers for specific clones were as follows: primer for clone S: 5 -CAACTTTGTTCTTTCAGACAGTGTG-3 ; primer for clone L: 5 -CTGTTTCTCCCTCTTGAACTCTCC-3 . The copy number of the plasmid containing the DNA sequences of the cloned PCR products was calculated based on the size and weight of the plasmid DNA measured by spectrophotometry and used as a standard calibration curve.
Amplification of the Rearranged T Cell Receptor-␥ Gene of the PBMCs in Case C at Age 16 Years
The rearrangement of the T cell receptor-␥ (TCR ␥ ) gene was detected by PCR described by Benhattar et al. [23] , using primers TVG 5 -AGGGTTGTGTTGGAATCAGG-3 and TJG 5 -CGTC-GACAACAAGTGTTGTTCCAC-3 . Amplified products were electrophoresed on a 10% nondenaturing polyacrylamide gel, and visualized by ethidium bromide staining. Clonally rearranged TCR ␥ gene was identified based on the sharp and dominant band on the gel. Additionally, the PCR products were subcloned and sequenced using TOPO XL PCR Kit (Invitrogen), Big Dye Terminator v1.1 Cycle Sequencing Kit (Applied Biosystems), and ABI Prism 310 DNA Sequencer (Applied Biosystems).
Results
Sequential Change of HTLV-1 Proviral Loads and Clonalities of Infected Cells
The PVLs in cases A and B remained stable during the entire follow-up period (case A: 260, 850 and 573 copies in 100,000 PBMCs at ages of 1, 4.5, and 12.8 years, respectively; case B: 1,867, 2,199 and 2,187 copies in 100,000 PBMCs at ages 3, 5.6 and 13.1 years, respectively; fig. 1 ). When the PBMCs were analyzed by IL-PCR, case A demonstrated many bands of various sizes in the sample drawn at age 1 year. These bands represented HTLV-1-infected cells with different proviral integration sites. They appeared in a stochastic manner in the triplicate experiments shown on the gel (minor bands; fig. 2 a) . This stochasticity was also observed for this case's samples obtained at ages of 4.5 and 12.8 years. No band was consistently detected at different time points. In case B, who had a slightly higher PVL than case A, several bands were detected in all triplicate experiments of IL-PCR (major bands; arrows, fig. 2 b) , in addition to the minor bands. These major bands were also detectable in the samples obtained at ages of 5.6 and 13.1 years.
Case C had a history of recurring lymphadenopathy, seborrheic dermatitis, and hyperreflexia since early childhood ( table 1 ) . The initial PVL in case C was the highest among the 3 children, even at ages 1.9 and 5 years (2,819 and 3,005 copies per 100,000 PBMCs, respectively). The PVL in case C markedly increased to 13,358 copies in 100,000 PBMCs at age 13 years and remained high (13,185 copies per 100,000 PBMCs) at age 16 years ( fig. 1 ) .
When PBMCs of case C were analyzed by IL-PCR, 2 distinct bands were detected in samples drawn at ages 13 and 16 years (clone S 0.75 kb and clone L 4 kb; fig. 2 c) . Many additional major bands, albeit weaker in band strength, were detectable in the triplicate experiments in same samples.
Clone-Specific PCR and Quantification of the PVL for Clones S and L from Case C
The integration sites of HTLV-1 provirus for PCR products of clones S and L were isolated from the gel, subcloned and excised for the identification of proviral integration sites. Clones S and L were identified at 8q22.1 and 15q21.2, respectively. HTLV-1 provirus of clone S was integrated into the transcriptional unit of the gene for phosphatidylserine synthase 1 (PTDSS1) located on chromosome 8 in the opposite direction of the cellular gene (data not shown). Integration-site-specific real-time PCR was performed using a combination of primers specific for the 3 -LTR of provirus and its flanking regions based on their DNA sequences. DNA sequences of clones S and L were not detectable in the sample collected at 1.9 years of age by the clone-specific real-time PCR we used. These clones were detected as 5 copies and 230 copies in 100,000 PBMCs, respectively, in a sample collected at 5 years of age ( fig. 3 ). Copy numbers of clones S and L increased at 
Rearrangement of the TCR ␥ Gene of PBMCs in Case C
Whether or not the rearrangement of the TCR ␥ gene was detectable by PCR was tested in the sample of case C at age 16 years. Detection of a weak but sharp band (arrow in fig. 4 ) suggested the clonal expansion of the cells with the rearranged TCR ␥ gene. To confirm the clonal expansion of certain clones of T cells, PCR products of the TCR ␥ gene were subcloned and sequenced. The frequency of PCR products derived from the clones of T cells with a unique (different) TCR ␥ gene in the sample of case C at control; P = a patient with adult T cell leukemia, who is not involved in this cohort, showing a sharp and dominant band, as positive control; case C = PBMCs from case C at age 16 years old, who showed a weak, but evident band in a smear background (arrow).
Discussion
In the present study, 3 carrier children, who were longitudinally followed for more than 10 years, were tested for PVL and clonality of HTLV-1-infected cells. This study gave us a unique opportunity to evaluate the HTLV-1 infection early in the life. Two asymptomatic carrier children (cases A and B) showed stable PVL and 1 carrier child (case C), who experienced lymphadenopathy, seborrheic dermatitis and hyperreflexia, showed a prominent increase of PVL. In a previous publication, we described the pattern of changes in PVL of 28 children, including the 3 in the current analysis [11] . PVL in these vertically infected children increased up to 2 years after infection and plateaued thereafter, with an increase to a much higher PVL observed in the HTLV-1 carrier children with a diagnosis of eczema [11] . Gabet et al. [24] also reported the case of a 10-year-old girl, who was followed over a 2-year period, with infective dermatitis and infection with parasites. She had high PVLs and extensive and persistent oligoclonal expansion of infected lymphocytes, which was not influenced by clinical evolution or lamivudine treatment [24] .
In the present study, when the clonality of HTLV-1-infected cells was examined by IL-PCR, many bands of different sizes appeared on the gel for case A, who had relatively low PVL, representing polyclonal proliferation of HTLV-1-infected cells. Case B with relatively high PVL showed several major clones that were consistently detectable in the PBMC samples obtained at ages of 3, 5.6 and 13.1 years. The latter pattern was similar to that observed in the Japanese adult long-term carriers in the Miyazaki Cohort Study, who presumably were infected during the perinatal period [25] . These data are consistent with the hypothesis that clonal expansion may occur concurrently with increase in PVL.
Case C had a history of lymphadenopathy, seborrheic dermatitis and hyperreflexia. These symptoms and signs are not uncommon in the HTLV-1 carrier children in Jamaica [14] . Case C showed a very high PVL and 2 distinct clones (S and L) of HTLV-1-infected cells at age 13 years. The appearance of these clones coincided with a sharp increase in PVL between the ages of 5 and 13 years. DNA sequences of clones S and L were detectable by real-time PCR in case C's sample as early as 5 years of age and expanded continuously to 426 and 554 copies in 100,000 PBMCs, respectively, at 13 years of age. However, these 2 clones only accounted for less than 10% of the total PVL of case C (13,358 copies in 100,000 PBMCs). Many additional major bands were observed on the gel of the sample at the same age. Therefore, the marked increase of PVL in case C was considered to be due to the sum of these clones, although clone S and clone L were very evident.
It has been reported that HTLV-1 provirus is randomly integrated into the human genome. Nevertheless, proviral DNA sequences found in the ATL cells have been reported to be preferentially integrated into transcriptional units [26, 27] . It was thought that parts of corresponding genes are dysregulated, leading to proliferation of HTLV-1-infected cells. Expansion of clone S may be associated with the interaction between HTLV-1 provirus and host gene PTDSS1 . However, proviral DNA of clone L was not integrated into the transcriptional unit. These findings suggest that integration of proviral DNA into transcriptional units is not essential for the occurrence of clonal expansion.
The high PVL and detection of 2 distinct clones of HTLV-1-infected cells in case C were also evident at age 16 years, 3 years later. The analysis of the TCR ␥ gene rearrangement, which does not depend on HTLV-1 proviral integration, also detected an oligoclonal expansion of 5 T cell clones, which were repeatedly detected by PCR in the background of many T cells without clonality. The occurrence of ATL in patients with a history of infective dermatitis was reported [15] . The shortened period of latency was observed in ATL patients with chronic infection, such as strongyloidiasis [28] . Fortunately, case C did not show any signs of HTLV-1-associated disease, especially ATL, at age 16 years. Our data suggest that detection of clonal expansion of HTLV-1-infected cells does not always indicate the onset of clinically evident ATL. However, continuous clinical monitoring is warranted in this case, for any early signs of HTLV-1-associated disease.
Active HTLV-1 infection may have resulted in lymphadenopathy and inflammatory diseases in case C. Alternatively, these inflammatory diseases in childhood may have stimulated the immune system of case C, resulting in the expansion of certain T cells. If these activated T cells were infected with HTLV-1, DNA sequences of HTLV-1 provirus, especially the Tax-coding region, could have been transcribed at the same time. Therefore, it is possible that inflammatory antigenic stimulation, such as co-infection of other pathogens or allergic diseases in childhood, may induce the early clonal expansion of HTLV-1-infected T cells, leading to eventual development of ATL. The findings from the present study are suggestive, but warrant further study that includes larger number of cases.
Children infected with HTLV-1 during early childhood have an increased risk of developing ATL [9, 10] . In the present study, high PVL and the clonal expansion of HTLV-1-infected cells were seen in 2 of 3 children who were infected from their mothers. The clonal expansion accompanied by high PVL was most evident in a child who had skin manifestations. Youths with high PVL should be carefully monitored for any signs and symptoms, because the concurrent presence of high PVL and skin manifestations in carrier children could represent underlying oligoclonal expansion of clones, and thus future risk for clinically overt HTLV-1-associated diseases [29] .
